Introduction {#S5}
============

Autoimmune hepatitis (AIH) is a considerably rare and heterogeneous disease. It is defined by chronic autoimmune inflammation of the liver, and generally characterized by female predilection, elevated levels of aminotransferases, hypergammaglobulinemia or elevated levels of immunoglobulin G (IgG), positivity for specific autoimmune antibodies, and presence of interface hepatitis on biopsy \[[@R1],[@R2]\]. The possible etiology includes failure of immune tolerance mechanisms, environmental triggers, and genetic predisposition, all of which may collaborate to induce an autoimmune attack on the liver \[[@R3]--[@R5]\]. About 70--80% of AIH patients have established chronic disease, and \~ 33% of them have cirrhosis at the time of diagnosis \[[@R1],[@R6]\].

Liver biopsy remains the gold standard for the diagnosis of AIH and assessment of liver inflammation and fibrosis \[[@R1],[@R2]\]. In addition, biopsy is useful for the management of AIH, providing meaningful clinical findings that are unmatched by the available biochemical tests \[[@R3],[@R7]\]. However, the use of liver biopsy is often limited by its expense, complications, and poor patient compliance, particularly in the follow-up period \[[@R8]\]. It is therefore important to develop noninvasive and convenient markers capable of accurately evaluating the grade of inflammation and fibrosis stage in AIH patients. Indeed, several markers have been developed and validated for assessing liver fibrosis versus no-fibrosis; these include the fibrosis-4 score (FIB-4) and the aminotransferase-to-platelet ratio index (APRI) \[[@R9]--[@R12]\]. Other markers with promising results in clinical use are the aspartate aminotransferase (AST)-to-alanine aminotransferase (ALT) aspartate aminotransferase-to-alanine aminotransferase ratio (AAR) \[[@R13]\], the platelet (PLT) count-to-spleen diameter ratio \[[@R14]\], and red blood cell distribution width \[[@R15]\]. However, to our knowledge, no studies have identified the ordinal or quantitative association of markers with fibrosis stage in AIH patients.

The aim of this study was therefore to assess the value of available noninvasive inflammatory markers in predicting liver fibrosis stage in treatment-naive AIH patients.

Patients and methods {#S6}
====================

Patients {#S7}
--------

In this retrospective study, we reviewed the medical records of AIH patients who underwent percutaneous liver biopsy between January 2010 and December 2017 in the Department of Infectious Disease of the Ninth People's Hospital, Shanghai Jiao Tong University School of Medicine, Shanghai, China. The AIH diagnosis was made on the basis of the criteria defined by the practice guidelines of the American Association for the Study of Liver Diseases \[[@R1]\] and the International Autoimmune Hepatitis Group \[[@R16]\]. Only the patients with definite AIH diagnosis (International Autoimmune Hepatitis Grouprevised original score of ≥ 16) were included. According to the medical records, none of the patients had received any immunosuppressive treatment before the liver biopsy.

The exclusion criteria were chronic viral hepatitis, primary biliary cholangitis, primary sclerosing cholangitis, alcoholic or nonalcoholic fatty liver disease, drug-induced liver disease, hepatobiliary parasitic infection, hereditary metabolic liver disease, co-existence of any other autoimmune disease, and severe systemic disease. In addition, patients with severe liver damage, highly elevated level of ALT ( \> 1000 U/l), and severe hyperbilirubinemia (total bilirubin \> 100 μmol/l) were excluded, as were patients diagnosed with decompensated cirrhosis with ascites, hepatic encephalopathy, esophageal and/or gastric bleeding, or hepatic carcinoma.

A total of 55 patients fulfilled the diagnostic and exclusion criteria. Each of these AIH patients had signed the consent form to undergo liver biopsy. For the study, an additional 60 individuals were selected randomly as age-matched and sex-matched healthy controls. These healthy controls had normal liver function, liver ultrasound, and transient elastography (Fibroscan; Echosens, Paris, France). On the basis of ethical considerations, no liver biopsies were performed on healthy controls, but the normal results of Fibroscan and other tests confirmed that no liver fibrosis was present in any of the healthy controls. The study protocol was approved by the Ethics Committee of Shanghai Ninth People's Hospital.

Histological assessment {#S8}
-----------------------

Ultrasound-guided liver biopsy was carried using a 16 G disposable needle for all AIH patients, under local anesthesia. The liver pathology diagnosis required a liver specimen of at least 1.0 cm and containing a minimum of 10 portal tracts. Each obtained specimen was fixed in 10% formalin, embedded in paraffin, and stained with hematoxylin--eosin and Masson--trichrome. The histological analysis was carried out by a single experienced pathologist who was blinded to the clinical data. The liver fibrosis stages were assessed according to the Metavir scoring system \[[@R17]\] as follows: F0, no fibrosis; F1, portal fibrosis without septa; F2, portal fibrosis with few septa; F3, numerous septa and without cirrhosis; and F4, cirrhosis.

Clinical measurements {#S9}
---------------------

The medical records of all included patients diagnosed with AIH were reviewed. Demographic data (age and sex) and laboratory results were collected and analyzed. For all patients, the samples for blood routine and biochemistry tests had been collected on the same day within 1 week before the liver biopsy. Blood samples were analyzed using the Sysmex XE-5000 Automated Hematology System (Sysmex Corp., Kobe, Japan) and associated reagents, providing counts for white blood cells (WBCs), neutrophils, lymphocytes, monocytes, and PLTs. Liver function markers were detected using the AU5811 Chemistry Analyzer (Beckman Coulter Inc., Brea, California, USA) with associated reagents. IgG was measured using the BN ProSpec System (Siemens, Munich, Germany). Antibodies were detected by linear immunoassay using the IMTEC-LIVER LIAS (Human Gesellschaft fur Biochemica und Diagnostica GmbH, Wiesbaden, Germany). The lymphocyte-to-neutrophil ratio (LNR), lymphocyte-to-platelet ratio (LPR), lymphocyte-to-monocyte ratio (LMR) \[[@R18],[@R19]\], AAR \[[@R13],[@R14]\], immunoglobulin-to-platelet ratio (IGPR) \[[@R15],[@R20],[@R21]\], APRI \[[@R15],[@R22],[@R23]\], FIB-4 \[[@R15],[@R22],[@R24]\] and model for end-stage liver disease score (MELD) \[[@R13]\] were calculated as follows: $$\text{LNR} = \frac{\text{Lymphocyte}\ \text{counts}}{\text{Neutrophil}\ \text{counts}},$$ $$\text{LPR} = \frac{\text{Lymphocyte}\ \text{counts}}{\text{Platelet}\ \text{counts}},$$ $$\text{LMR} = \frac{\text{Lymphocyte}\ \text{counts}}{\text{Monocyte}\ \text{counts}},$$ $$\text{AAR} = \frac{\text{AST}\ (\text{IU}/\text{I})}{\text{ALT}\ (\text{IU}/\text{I})},$$ $$\text{IGPR} = \frac{\text{Immunoglobulin}\ (\text{g}/\text{l})}{\text{Platelet}\ \text{counts}\ \left( {10^{9}/\text{l}} \right)},$$ $$\text{APRI} = \frac{\text{AST}\ (\text{IU}/\text{l})/\text{upper}\ \text{limit}\ \text{of}\ \text{normal}\ \text{AST}\ (\text{IU}/\text{l})}{\text{Platelet}\ \text{counts}\ \left( {10^{9}/\text{l}} \right)} \times 100$$ $$\text{FIB-4} = \frac{\text{Age}\ \left( \text{years} \right) \times \text{AST}\ (\text{IU}/\text{l})}{\text{Platelet}\ \text{counts}\ \left( {10^{9}/\text{l}} \right) \times \sqrt{\text{ALT}(\text{IU}/\text{I})}}$$ $${{MELD} = 9.57\ \log_{e}\ \left\lbrack {creatinine}\ ({mg})/{dl} \right\rbrack}\mspace{63mu}{+ 3:78\ \log_{e}\ \left\lbrack {total}\ {bilirubin}\ ({mg})/{dl} \right\rbrack}\mspace{63mu}{+ 11.2\ \log_{e}({international}\ {normalized}\ {ratio}) + 6.43}$$

Statistical analysis {#S10}
--------------------

All data were analyzed using SPSS software (IBM SPSS statistics for Windows, version 20.0; IBM Corp., Armonk, New York, USA). The Kruskal--Wallis nonparametric test was used for multiple comparisons, without a normal distribution. The Mann--Whitney *U*-test was used to evaluate the differences between two groups, without a normal distribution. The correlation between noninvasive markers and liver fibrosis stage was determined using Spearman's rank correlation test. The area under the receiver operating characteristic (AUROC) curve was used to assess the predictive value of selective variables. Optimal cut-off values between fibrosis and cirrhosis were identified at the maximum of total sensitivity and specificity.

All participants were divided into three groups according to their Metavir scores as follows: F0, control; F1--F3, fibrosis/noncirrhosis; and F4, cirrhosis \[[@R17]\]. The demographic and biological parameters of the three groups were compared using univariate and multivariate ordinal logistic regression analyses. We included age, counts of WBC, neutrophils, lymphocytes, monocytes and PLT, and measures of total bilirubin, ALT, AST, γ-glutamyltransferase, alkaline phosphatase, albumin, and globulin as covariates in the multivariate analyses, with one inflammatory marker as the main variable of interest at a time. A *P* value of less than 0.05 was considered statistically significant.

Ethical statement {#S11}
-----------------

All procedures performed in this study involving human participants were in accordance with the ethical standards of the institutional and/or national research committee and with the 1964 Helsinki Declaration and its later amendments or comparable ethical standards.

Results {#S12}
=======

Characteristics of the participants {#S13}
-----------------------------------

The medical records of 202 patients with liver biopsy were reviewed. We excluded 145 patients according to the exclusion criteria. In addition, one of the AIH patients with an unexplained abnormal increase in PLT counts above the upper limit and another patient with hepatic pathological stage of F0 were excluded. Finally, 55 AIH patients were enrolled in our study ([Fig. 1](#F1){ref-type="fig"}). The overall study population included 115 participants, who were divided into the control group (F0, 52.17%), the noncirrhotic fibrosis group (F1--F3, 39.13%), and the cirrhosis group (F4, 8.7%). We found no difference in the distribution of age or sex among the three groups. In the fibrosis group, the numbers of patients representing each fibrosis stage were 13 for F1, 15 for F2, and 17 for F3. The prevalence of single-positive or multipositive autoantibodies, including smooth muscle antibodies, liver kidney microsomal antibodies, soluble liver antigen/liver pancreas antibodies, liver cytosolic antibodies type 1, and antinuclear antibodies \[[@R1],[@R25]\], was 95.56% in the fibrosis group and 90% in the cirrhosis group. The general characteristics of the study participants are summarized in [Table 1](#T1){ref-type="table"}.

Relationships between noninvasive inflammatory markers and liver fibrosis stage {#S14}
-------------------------------------------------------------------------------

The noninvasive inflammatory markers AAR, LPR, LMR, IGPR, APRI, and FIB-4 correlated significantly with fibrosis stage (*P* \< 0.05), with correlation indices of − 0.249, 0.285, − 0.149, 0.647, 0.841, and 0.704, respectively. Only LNR did not show a correlation (correlation index of 0.158, *P* = 0.093). The statistical relationships between LPR and IGPR and liver fibrosis stage are shown in [Fig. 2](#F2){ref-type="fig"}.

Predictive accuracy between noninvasive inflammatory markers and cirrhosis {#S15}
--------------------------------------------------------------------------

The AUROCs of LPR and IGPR for detecting cirrhosis (F4 vs. F0--F3) were 0.936 \[95% confidence interval (CI): 0.870--1.000, *P* \< 0.001\] and 0.939 (95% CI: 0.875--1.000, *P* \< 0.001). The AUROCs of AAR, LMR, APRI, and FIB-4 for detecting cirrhosis (F4 vs. F0--F3) were 0.528 (95% CI: 0.319--0.738, *P* = 0.768), 0.555 (95% CI: 0.409--0.700, *P* = 0.568), 0.798 (95% CI: 0.694--0.902, *P* = 0.002), and 0.881 (95% CI: 0.796--0.967, *P* \< 0.001), respectively. The sensitivity and specificity of LPR were 90 and 91.5% according to the optimal cut-off value of 14.67 × 10^−3^ for predicting cirrhosis. The optimal cut-off value of IGPR was 0.23, with a sensitivity of 90% and a specificity of 87.7%. Both LPR and IGPR were superior to the other noninvasive inflammatory markers tested in predicting cirrhosis ([Fig. 3](#F3){ref-type="fig"}).

Predictive accuracy between noninvasive inflammatory markers and liver fibrosis {#S16}
-------------------------------------------------------------------------------

The AUROCs of APRI and FIB-4 for detecting fibrosis (F1--F4 vs. F0) were 0.995 (95% CI: 0.989--1.000, *P* \< 0.001) and 0.889 (95% CI: 0.823--0.955, *P* \< 0.001). The AUROCs of AAR, LPR, LMR, and IGPR for detecting fibrosis (F1--F4 vs. F0) were 0.294 (95% CI: 0.197--0.390, *P* \< 0.001), 0.623 (95% CI: 0.519--0.728, *P* = 0.022), 0.211 (95% CI: 0.130--0.293, *P* \< 0.001), and 0.854 (95% CI: 0.782--0.926, *P* \< 0.001), respectively. Compared with the other noninvasive inflammatory markers tested, the APRI achieved the highest AUROC, with a sensitivity of 92.9% and a specificity of 98.3% for the detection of liver fibrosis. The sensitivity and specificity of FIB-4 were 82.1 and 91.7%, respectively. The optimal cut-off values of APRI and FIB-4 were 0.4991 and 1.8596, respectively. Both APRI and FIB-4 were better than AAR, LPR, LMR, and IGPR for predicting liver fibrosis ([Fig. 4](#F4){ref-type="fig"}).

Univariate and multivariate ordinal logistic regression prediction of liver fibrosis stage {#S17}
------------------------------------------------------------------------------------------

We carried out univariate and multivariate ordinal logistic regression analyses to determine which noninvasive markers were linked to liver fibrosis stage in AIH. Significant associations were found for age, WBC count, neutrophils count, lymphocyte count, monocytes count, PLT count, total bilirubin, ALT level, AST level, γ-glutamyltransferase level, alkaline phosphatase level, albumin level, and globulin level with liver fibrosis stage in the univariate ordinal logistic regression ([Supplementary Table](#SD1){ref-type="supplementary-material"}, [Supplemental digital content 1](#SD1){ref-type="supplementary-material"}, <http://links.lww.com/EJGH/A411>). The LPR and IGPR showed strong independent associations with liver fibrosis stage in the multivariate ordinal logistic regression, with coefficients of 0.385 (95% CI: 0.103--0.667, *P* = 0.007) and 14.903 (95% CI: 2.091--27.786, *P* = 0.023), respectively ([Fig. 5](#F5){ref-type="fig"}). We found no independent association of AAR, LMR, APRI, or FIB-4 with liver fibrosis stage in the multivariate analyses ([Table 2](#T2){ref-type="table"}).

Discussion {#S18}
==========

In this retrospective study, we assessed the predictive value of noninvasive inflammatory markers for liver fibrosis, including AAR, LNR, LPR, LMR, APRI, and FIB-4, in a cohort of 55 patients with treatment-naive AIH and 60 healthy controls. We found that the LPR and IGPR were risk factors associated independently with liver fibrosis stage in the AIH patients. The LPR and IGPR were also superior to APRI and FIB-4 in predicting cirrhosis (vs. no-cirrhosis), whereas APRI and FIB-4 were better than LPR and IGPR in predicting liver fibrosis (vs. no-fibrosis).

Here, we report early evidence on the ordinal association of LPR and IGPR (as continuous variables) with liver fibrosis stage in AIH patients. This finding is clinically important because these two noninvasive markers may be used in monitoring the progression or stabilization of liver fibrosis in AIH patients. There was also only a nominal difference between the respective abilities of LPR and IGPR in predicting fibrosis stages. The similar performance of these factors is likely because of their shared denominator of PLT number in their formulas \[[@R15],[@R20],[@R26],[@R27]\]. In addition, our head-to-head comparison showed that FIB-4 and APRI -- the two well-known markers of liver fibrosis \[[@R9]--[@R12]\] -- did not correlate independently with liver fibrosis stage in our AIH cohort. These data suggest that these factors may not be suitable for monitoring the progression of liver fibrosis stage in our AIH cohort, despite their high performance in predicting the presence of fibrosis (vs. no-fibrosis). Certainly, more studies are needed to further compare LPR and IGPR, including investigations into whether LPR and IGPR could also predict liver fibrosis stage in other liver diseases.

Our data on the ordinal association of LPR and IGPR with liver fibrosis stage are consistent with most of the previous studies. For example, LPR (shown as 1/PLR by He *et al.* \[[@R28]\]) was reportedly lower in patients with chronic hepatitis C virus (HCV) and healthy controls than in patients with HCV-related cirrhosis. Meng *et al.* \[[@R27]\] also reported that patients with either HCV-related cirrhosis or HCV-related hepatocellular carcinoma had significantly lower PLR levels than either patients with HCV-related hepatitis or healthy controls. For IGPR, globulin may be a meaningful marker for predicting liver inflammation in chronic hepatitis patients, along with other markers \[[@R15]\]. There appears to be a strong association of levels of serum globulin, IgG, and the globulin--platelet model with liver fibrosis stage among patients with chronic viral hepatitis B infection \[[@R21],[@R29]\]. From a clinical point of view, hyperglobulinemia is one of the prominent clinical characteristics of AIH patients, and the decrease in IgG is an important aspect of this disease's control \[[@R1]\]. IGPR was capable of predicting the stage of liver fibrosis in our study population, which is consistent with the clinical characteristics of AIH. However, no studies reported in the literature have shown the relationship between IGPR and liver fibrosis that was caused by alcoholic liver disease, nonalcoholic fatty liver disease, or drug-induced liver injury. Consistent with our findings, APRI and FIB-4 have also been reported to be remarkably good predictors of fibrosis in patients with nonalcoholic fatty liver and primary biliary cholangitis \[[@R22],[@R30]\], as well as those with viral hepatitis \[[@R10],[@R12],[@R31],[@R32]\]. However, in other studies, APRI and FIB-4 do not predict the liver fibrosis stage in chronic liver diseases well by ordinal logistic regression \[[@R33]--[@R35]\], which was similar to our outcomes.

It is important to note that our findings on the noninvasive inflammatory markers for liver fibrosis are contrary to the recent study by Zeng *et al.* \[[@R19]\] Those authors reported that the PLR level (which is reciprocal of LPR) did not differ between AIH patients and healthy controls, or between AIH patients and patients with cirrhosis \[[@R19]\]. The differences between those findings and ours may be attributable to several reasons. First, the statistical modeling approaches were different. Zeng *et al.* \[[@R19]\] seemed to have included all markers of interest in a single model, compared F1--F3 versus F4, and did not report the *P* values and odds ratios of the markers that showed no statistically significant effects (*P* \> 0.05). However, we included only one composite marker at a time and compared F0 versus F1--F3 versus F4 (ordinal outcome). Moreover, in their study, the distribution of PLR in the AIH cirrhosis group was fairly wide, suggesting considerable heterogeneity among the patients investigated. Furthermore, the proportion of their AIH cirrhosis patients was half, and fibrosis stages were not specified in the chronic AIH group. Indeed, the distribution of noncirrhotic fibrosis in our AIH patients was likely different from their (noncirrhotic) AIH patients. In addition, the two studies used different testing instruments, and the standard values of the parameters may be different. Finally, the geographic difference of the study participants (Jiangxi province vs. Shanghai city) may also have contributed to the different findings.

Some strengths of our study are noteworthy. First, to our knowledge, our study represents the first to have included and modeled the three-tier liver fibrosis for AIH patients as the outcome, namely, no fibrosis (healthy controls), noncirrhotic fibrosis, and cirrhosis. Most of the previous studies have reported only the comparison for two of the three stages (F0 vs. F1--F4, F1--3 vs. F4, F0--F3 vs. F4, F1--F2 vs. F3--F4, and others) in chronic liver disease \[[@R36]--[@R38]\]. Second, we performed head-to-head comparisons of the AUROCs and adjusted odds ratios of several noninvasive inflammatory markers, including AAR, LPR, LMR, IGPR, APRI, and FIB-4. To our knowledge, ours is now one of the only two comprehensive studies \[[@R19]\] on these markers. Third, our multivariate regression analyses included only one of the markers of interest at a time. This approach allowed for elimination of unnecessary interactions among the markers, while adjusting for other potential confounders. Thus, our approach may be superior to that by Zeng *et al.* \[[@R19]\] Fourth, all of the liver fibrosis cases were staged by an experienced, expert liver pathologist. Finally, all of our patients were treatment naive. Our study, therefore, likely well represents the natural history of AIH and the real-world data on correlations of markers with liver fibrosis stage.

Our works may shed light on the mechanisms of liver fibrogenesis in AIH. Inflammation is known for its association with fibrosis \[[@R3],[@R4]\]. Moreover, T cells and plasma cells are known to play an essential role in the pathogenesis of AIH \[[@R3],[@R39]--[@R41]\]; they also likely contribute to the long-term liver injury and ultimate development of liver fibrosis. Immunoglobulin is also known to be critical for the regulation of the immune system as well as development of AIH \[[@R41],[@R42]\]. Although thrombocytopenia is known to result from hypersplenism in cirrhosis, the relationship between PLT number and degree of fibrosis is not clear. PLTs have been shown to be independent predictors of significant fibrosis by multivariable analysis in chronic hepatitis B \[[@R43]\]. Some researchers have also established PLT-related models to predict the degree of liver fibrosis in chronic hepatitis B \[[@R43],[@R44]\]. However, the association between PLTs and the degree of liver fibrosis in AIH is poorly understood. Our data therefore partially fill this knowledge gap. Of course, more studies are warranted to further elucidate the roles of T cells, PLT, and immunoglobulin in AIH fibrosis.

This study has several limitations that must be considered when interpreting the findings. First, this was a single-center retrospective study, and the results may be biased by measured and unmeasured confounding factors at the patient level. Similarly, all of the liver biopsies were analyzed by a single expert pathologist, although this could provide a benefit in avoidance of observer biases. Second, the patient sample size was small because of the low prevalence of AIH. Third, the unequal sample sizes in each group, especially in the cirrhosis group, which included only 10 cases, may have led to a statistical bias; however, the distribution of F1--F4 liver fibrosis appears to correlate with our clinical experience. Fourth, and related to point three, the small sample size of the cirrhosis group and the different regions from which patients originated may have led to large sample variances. Fifth, we did not include a validation group; the conclusions, therefore, should be confirmed in a prospective multicenter study with a large sample size. Sixth, our study outcome did not differentiate F1--F3, which represent early fibrosis and should be subject to future studies. Finally, sixth, the cross-sectional nature of this study precluded direct examination of the relationship between markers and the progression of liver fibrosis stage during individual patient follow-up.

Conclusion {#S19}
----------

The LPR and IGPR were identified as independent factors associated with liver fibrosis stage in treatment-naive AIH patients, and may be useful in monitoring the progression of liver fibrosis stage (ordinal order, from F0 to F1--F3 to F4). The LPR and IGPR were also found to be superior to APRI and FIB-4 in detecting cirrhosis versus no-cirrhosis among treatment-naive AIH patients.
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![The receiver operator characteristic curves of noninvasive inflammatory markers for predicting cirrhosis (F4 vs. F0--F3). AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; APRI, aminotransferase-to-platelet ratio index; FIB-4, fibrosis-4 score; IGPR, immunoglobulin-to-platelet ratio; LMR, lymphocyte-to-monocyte ratio; LPR, lymphocyte-to-platelet ratio.](nihms-1594536-f0003){#F3}

![The receiver operator characteristic curves of noninvasive inflammatory markers for predicting liver fibrosis (F1--F4 vs. F0). AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; APRI, aminotransferase-to-platelet ratio index; FIB-4, fibrosis-4 score; IGPR, immunoglobulin-to-platelet ratio; LMR, lymphocyte-to-monocyte ratio; LPR, lymphocyte-to-platelet ratio.](nihms-1594536-f0004){#F4}

![Multivariate ordinal logistic regression for predicting severity of liver fibrosis. (a) Metavir score system with LPR; (b) Metavir score system with IGPR. The LPR and IGPR were calculated in F0 (healthy controls), F1--F3 (noncirrhotic fibrosis), and F4 (cirrhosis) based on the results of liver biopsy. CI, confidence interval; IGPR, immunoglobulin-to-platelet ratio; LPR, lymphocyte-to-platelet ratio.](nihms-1594536-f0005){#F5}

###### 

Baseline characteristics of the healthy controls and patients with treatment-naive autoimmune hepatitis

  Characteristics                    Control (F0)              Noncirrhotic fibrosis (F1--F3)   Cirrhosis (F4)           *P*
  ---------------------------------- ------------------------- -------------------------------- ------------------------ ---------
  Age (years)                        56.17 (55.59--56.75)      54.24 (52.46--56.03)             59.10 (56.42--61.78)     0.184
  Sex (*n*)                          60                        45 (13/15/17)                    10                       0.836
   Male \[*n* (%)\]                  12 (20.00)                7 (15.56)                        2 (20.00)                
   Female \[*n* (%)\]                48 (80.00)                38 (84.44)                       8 (80.00)                
  Autoantibody positive rate (%)     NA                        95.56                            90.00                    
  Routine blood test                                                                                                     
   WBC (×10^9^/l)                    5.57 (5.42--5.71)         5.11 (4.82--5.40)                4.22 (3.69--4.75)        0.011
   Neutrophil (×10^9^/l)             3.01 (2.89--3.12)         2.56 (2.36--2.76)                1.94 (1.63--2.26)        \<0.001
   Lymphocyte (×10^9^/l)             2.05 (1.99--2.11)         1.79 (1.68--1.9)                 1.82 (1.52--2.12)        0.058
   Monocyte (×10^9^/l)               0.36 (0.35--0.37)         0.5 (0.47--0.53)                 0.35 (0.3--0.41)         \<0.001
   Platelet (×10^9^/l)               222.57 (215.14--229.99)   182.91 (173.19--192.63)          101.1 (82.38--119.82)    \<0.001
   INR                               NA                        0.99 (0.97--1.01)                1.02 (0.99--1.04)        0.24
  Liver function test                                                                                                    
   Total bilirubin (μmol/l)          12.66 (12.18--13.14)      39.49 (32.66--46.31)             26.25 (21.41--31.09)     \<0.001
   ALT (U/l)                         19.02 (17.72--20.31)      205.82 (167.28--244.37)          83.8 (50.13--117.47)     \<0.001
   AST (U/l)                         21.38 (20.74--22.03)      147.53 (124.47--170.6)           89.5 (59.04--119.96)     \<0.001
   GGT (U/l)                         19.9 (18.38--21.42)       254.18 (212.55--295.81)          177.6 (105.4--249.8)     \<0.001
   ALP (U/l)                         82.9 (80.55--85.25)       247.18 (204.11--290.25)          179.7 (125.43--233.97)   \<0.001
   Albumin (g/l)                     44.2 (43.89--44.51)       38.35 (37.44--39.27)             36.11 (34.35--37.87)     \<0.001
   Immune globulin (g/l)             28.22 (27.81--28.62)      33.44 (32.12--34.76)             36.81 (32.29--41.33)     \<0.001
   Serum IgG (g/l)                   NA                        16.33 (15.45--17.21)             19.78 (16.07--23.48)     0.125
  Noninvasive inflammatory markers                                                                                       
   AAR                               1.25 (1.19--1.3)          0.98 (0.87--1.08)                1.36 (0.96--1.76)        \<0.001
   LNR                               0.72 (0.69--0.76)         0.77 (0.72--0.83)                1.03 (0.87--1.2)         0.043
   LPR (×10^−3^)                     9.63(9.21--10.06)         10.30(9.55--11.05)               18.88(17.05--20.7)       \<0.001
   LMR                               6.04 (5.75--6.32)         3.84 (3.55--4.13)                5.2 (4.72--5.67)         \<0.001
   IGPR                              0.13 (0.13--0.14)         0.2 (0.19--0.21)                 0.44 (0.35--0.54)        \<0.001
   APRI                              0.26 (0.24--0.27)         2.59 (2.14--3.03)                3.12 (1.84--4.41)        \<0.001
   FIB-4                             1.34 (1.27--1.41)         3.58 (3.09--4.07)                8.3 (4.71--11.89)        \<0.001
  MELD                               NA                        4.05 (3.38--4.72)                3.81 (2.36--5.26)        0.458

The data are all shown as mean (quartiles), except *n*.

AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; ALP, alkaline phosphatase; ALT, alanine aminotransferase; APRI, aminotransferase-to-platelet ratio index; AST, aspartate aminotransferase; Control, healthy individuals without any known disease, abnormal liver ultrasound findings, and abnormal lab tests; FIB-4, fibrosis-4 score; GGT, γ-glutamyltransferase; IGPR, immunoglobulin-to-platelet ratio; LMR, lymphocyte-to-monocyte ratio; LNR, lymphocyte-to-neutrophil ratio; LPR, lymphocyte-to-platelet ratio; MELD, model for end-stage liver disease; NA, not applicable; WBC, white blood cell.

###### 

Multivariate ordinal logistic regression analysis on the factors associated with liver fibrosis stage in treatment-naive autoimmune hepatitis patients

  Noninvasive markers   *β*      95% confidence intervals   *P*      
  --------------------- -------- -------------------------- -------- -------
  AAR                   −0.362   −1.465                     0.741    0.52
  LPR (×10^−3^)         0.385    0.103                      0.667    0.007
  LMR                   0.008    −0.491                     0.507    0.976
  IGPR                  14.903   2.091                      27.786   0.023
  APRI                  0.097    −0.233                     0.427    0.564
  FIB-4                 0.252    −0.055                     0.559    0.108

The analyses were adjusted for age, white blood cell, neutrophil, lymphocyte, monocyte, platelet, total bilirubin, alanine aminotransferase, aspartate aminotransferase, γ-glutamyltransferase, alkaline phosphatase, albumin, and immune globulin.

AAR, aspartate aminotransferase-to-alanine aminotransferase ratio; APRI, aminotransferase-to-platelet ratio index; FIB-4, fibrosis-4 score; IGPR, immunoglobulin-to-platelet ratio; LMR, lymphocyte-to-monocyte ratio; LPR, lymphocyte-to-platelet ratio.
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